E2F transcriptional factors are widely expressed in a number of tissues and organs, possessing many regulatory functions related to cellular proliferation, differentiation, DNA repair, cell-cycle and cell apoptosis. E2F8 is a recently identified member of the E2F family with a duplicated DNA-binding domain feature discriminated from E2F1-6, controlling gene expression in a dimerization partner-independent manner. It is indispensable for angiogenesis, lymphangiogenesis and embryonic development. Although E2F8 and E2F7 perform complementary and overlapping functions in many cell metabolisms, E2F8, but not E2F7, overexpresses remarkably in hepatocellular carcinoma (HCC) to facilitate the HCC occurrence and development via activating a E2F1/ Cyclin D1 signaling pathway to regulate the G1-to S-phase transition of cell cycle progression or transcriptionally suppressing CDK1 to induce hepatocyte polyploidization. It also involves closely a variety of cellular physiological functions and pathological processes, which may bring a new breakthrough for the treatment of certain diseases, especially the HCC. Here, we summarize the latest progress of E2F8 on its relevant functions and mechanisms as well as potential application.
Introduction
E2F family of transcriptional factors has many regulatory functions implicating cellular proliferation, differentiation, DNA repair, cell cycle and cell apoptosis [1, 2] . The study of the E2F family began in 1980s, of which most extensive researches involve E2F1 [3] . As yet, E2F family has been found to have eight members in mammals, including from E2F1 to E2F8 [4] . The alternative splicing of some E2F family members and generation of different isoforms result in that the regulation of E2F functions is more complicated than other members [5] . E2F3 and E2F7 have two highly relevant isoforms, respectively [6] . Indeed, studies have shown that E2F evolution in plants and animals is very conservative but not in yeast [1] . According to their structure and function, E2F family can be divided into two groups (canonical E2F1-6 and atypical E2F7-8) and four subgroups (E2F1-3a, E2F3b-5, E2F6 and E2F7-8). Nowadays we get the difference between canonical and atypical E2F molecular structures, but it is still undefined for its evolutionary mechanism [3] .
The canonical E2Fs possess a leucine-zipper domain in the N terminus, which is necessary for dimerization with a partner protein DP (dimerization partner). Except E2F6, there are also a transactivation domain and a retinoblastoma-binding domain for E2F1 to E2F5 in the C terminus [5, 7] . Based on functional division, E2F1-3a are usually considered to be a transcriptional activator. When overexpressed, it can drive G0-phase cells into S-phase, while E2F3b-6
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International Publisher are considered to be a transcriptional repressor [6] . The overexpression of E2F1-3a can drive G0-phase cells into S-phase, while the cells subjected to E2F1-3 triple knock-out were demonstrated to have defect for S-phase entry [6, 8] . In contrast, E2F3b-6 attach to the E2Fs-related regulatory promoters at the G0/G1 phase [9, 10] . The classic E2F-dependent transcriptional activation is executed by a RB/E2F/DP approach. E2F1-5 are associated with one of two DP (DP1/DP2) proteins and one member of pRB (pRB/p107/p130) family from a tripolymer [11, 12] . In the G1 to S period of the cell cycle, RB is phosphorylated by the cyclin-dependent kinases (CDKs), resulting in the dissociation of RB from the RB-E2F complex and dysfunction of E2F inhibition [9, 13] . Due to the lack of the retinoblastoma-binding domain, E2F6 is considered to regulate E2F-targeted genes that are independent on pRB family proteins [14] . E2F6 does not be regulated by pRB family. It can repress transcription by recruitment of chromatin remodeling complexes that include polycomb group proteins to E2F-target promoters [12, 15, 16] . It is further clarified that E2F1, E2F2 and E2F3 predominantly connect with pRB, and E2F4 is associated with all of the pRB/p107/p130 proteins, whereas E2F5 tends to bind with p130 [3, 14] .
The atypical E2F consists of E2F7 and E2F8. They have two distinct DNA-binding domains (DBD), but lack DP-dimerization, retinoblastoma-binding, and transcriptional activation domains contained in the canonical E2F. Thus, the atypical E2F binding to DNA is different from other E2F members, which does not rely on DP [7, 17] . E2F7 and E2F8 control cell cycle genes through homodimers or heterodimers from DBD, functioning predominantly as transcriptional repressors [5, 18] (Fig.1) . E2F8 is a recently discovered member of the E2F family. Christensen et al. noticed that there were several murine and human expressed sequence tags showing high similarity to E2F7, using the E2F7 sequence as query searching in the GenBank. Thus, they have designated the cloned transcripts as E2F8 [19] . E2F8 shows high similarity to E2F7 in structure and has two special domains exhibiting a high degree of resemblance to the E2F family in DNA-binding domain [8] . E2F8 shares the unique structure of E2F7 and performs overlapping functions in many cell metabolisms [16] .
In spite of that the DNA binding domain of E2Fs is conservative, there is a lot of accumulated evidence that they also bind and regulate disparate sets of target genes through interactions with specific cofactors [20] . In fact, E2F family works more sophisticatedly than it is simply divided into an activator and repressor. Sometimes, they can play as either an activator or a repressor of transcription that depends on target genes, cofactors and cellular context. More importantly, E2Fs usually work as a balanced network [3] .
Structural properties of E2F8
Accessions NM 024680 (human) and XM149937 (mouse) were early identified as E2F8. They encode the FLJ23311 protein of Homo sapiens and the RIKEN cDNA 4432406C08 gene of Mus musculus, respectively [19] . NM 024680 and XM149937 include highly homologous ORFs that have the ability to encode proteins consisting of 867 and 860 amino acids, the molecular weights of which are 94272 and 93382 Da, respectively [2] . E2F8 shows a high resemblance to E2F7. E2F8 is also found to be the high conservation and unique repeat DNA-binding domains. The result of alignment test shows that the human E2F8 has a 31.9% homology with the E2F7 in overall and the identity area mainly focuses on the DNA binding domain [19] . The conserved RRXYD motif is necessary for DNA binding in the E2F family. E2F8 presents the conserved motif in domain 1 (RRIYD) and domain 2 (RRLYD), respectively. The latest data demonstrate that they are located in the residues 113-182 and 261-347 of the E2F8's N-terminal. These two domains of E2F8 are highly similar to the DNA-binding domains of E2F1 to E2F7 [2] . In fact, the similarity of DNA binding domains in E2F8 and E2F7 is far more than the conserved RRXYD motif, which extends to about 120 amino acid residues. The sequence between the domain 1 and domain 2 in E2F8 and E2F7 contains about 160 residues, appearing highly similar [2] . Like E2F7, E2F8 lacks a marked box, DP-dimerization, pRb-binding and transcriptional activation domains required for other E2F family members [19] . E2F8 has duplicated DNA-binding domains and three putative nuclear localization signal sequence (NLS) domains. The integrity of DNA-binding domains is essential for combination with consensus E2F-binding DNA elements. The amino acid mutation of E2F8 in the conserved RRXYD motif will result in failure to bind to DNA [2] . Similar to E2F7, the increasing expression of E2F8 negatively influences E2F-target genes, and represses cellular proliferation [19] . E2F7 and E2F8 can form homodimers or heterodimers. They usually present in the same adult tissues. These results suggest that the both may have partial overlapping and perhaps synergistic functions [2] . The similarity of genomic structure and function of the E2F8 and E2F7 strongly supports that they probably originate from a same ancestral gene.
Both of human and murine E2f8 genes are made up of 13 exons and 12 introns. The human and murine E2f8 genes are located in the short arm of chromosome11p15.1 and chromosome 7, respectively [8] . Their initiation codon ATGs are located in the second exons, and the termination codon TGAs present in the exon 13 [19] . The human E2f8 mRNA consists of 323bp long 5'-UTR, 2604bp long ORF, and 610bp long 3'-UTR, appearing in a variety of tissues. The mouse E2f8 mRNA comprises 490 bp long 5'-UTR, 2583 bp long ORF and a 632 bp long 3'-UTR. They have a consensus polyadenylation signals ATTAAA that is located in upstream of the poly (A) tail, respectively [8] . The similarity of sequence and genomic structure of the human and murine E2F8 genes strongly supports that they are true orthologues. The entire E2F8 protein is necessary for fully functional activity, but the first 200 residues are more important in the majority of the signaling activity. Molecular weight of E2F8 has slight differences reported in literatures. Predicted molecular mass of the human and mouse E2F8 proteins is about 105KD and 95KD, respectively [8] . E2F8 is predominantly expressed in liver, thymus, skin and testis, but not in the brain, stomach, and muscle [8] . Studies have shown that the E2F8 is very prone to degradation so that the level of the endogenous protein E2F8 is relatively low [19] .
E2F8 regulates the cell cycle and cellular proliferation
According to the current knowledge of E2F family, we know that E2Fs play a key role in the regulation of cell cycle [13] . The E2Fs control transcription of the cell cycle-related genes in the different phases of the cell cycle [21, 22] . E2F3b-5 bind to E2F-regulated promoters to recruit chromatin remodeling factors in the G0/G1 phase of the cell cycle by dissociating with the pRB family proteins [23] . When cells reenter into late G1 phases, the CDKs phosphorylate RB and the free activators E2F1-3a replace the repressor E2F complexes [10] . The activators E2F1-3 reach the peak in this G1/S phases. Then, they are attenuated in G2 [9] . E2F1-3 also possess the ability to overcome arrest by the cyclin-dependent kinase inhibitor and induce quiescent cells to enter an S-phase [23, 24] . On the other hand, the group of atypical repressors play a vital role in the cell cycle exit, promoting the process of cell differentiation [7] .
E2F8 is not only similar to E2F7 in structure, but also has a lot of overlap in many metabolic functions [8, 20] . The synchronization treatment of HeLaS3 cells and qPCR analysis show that the E2F8 reaches the peak at early S phase, then drops after through S phase ,which is consistent with E2F7 [19, 25] . Ectopic expression of E2F7 and E2F8 causes the delayed cell cycle progression and the increased proportion of G1 cells [2] . E2F7 and E2F8 have an overlapping mechanism in the control of cell cycle. They reciprocally compensate to repress a network of fluctuant cell cycle genes to modulate S-phase progression [2, 25] . E2F7 and E2F8 can compete with E2F1 to combine with the promoters of E2Fs-targeted genes, inhibiting E2F1-activated gene transcription. On the other hand, E2F7 and E2F8 can directly bind to E2F1 to repress the expression of E2F1 [26] . E2F8 is also one of the E2F-targeted genes, and several family members (E2F1, E2F3, E2F4 and E2F7) have been found to combine to the E2F8 promoter, suggesting that there is a feedback-loop in E2Fs [19, 27] . E2F8 plays as a repressive arm component in monitoring the E2F network, coordinating the cell cycle progression [2] .
E2Fs are to be critical players in orchestrating the control of cellular proliferation [28, 29] . The roles of each family member in controlling cellular proliferation, cell cycle transition and apoptosis are different. The expressions of atypical E2Fs during the cell cycle are different from canonical E2Fs, and the former peak levels are found in the S/G2 phase. Interestingly, the ectopic expression of E2F8 leads markedly to the inhibition of E2F-targeted gene expression and reduces the proliferation capacity of mouse embryonic fibroblasts, whereas over-expression of E2F8 in liver cancer cells could promote cell proliferation and tumor generation [8, 29] . The specific mechanism for the opposite phenomenon of cellular proliferation is still not clear, needing to be further studied. These results also suggest that E2f8 may be an oncogene in the progression of HCC.
E2F8 with E2F7 is essential for the placenta architecture and embryonic development
A large number of studies suggest that E2F functions are involved in regulating a variety of cellular metabolism, and playing a key role in cellular homeostasis [15] . In fact, E2F function is closely related to the cellular context, whereas in vivo environment is more complicated than in vitro one. In order to further explore E2F7 and E2F8 functions in vivo, scientists utilized a homologous recombination technique and a conditional knockout technology to interfere with E2F7 and E2F8 functions in mice [16] . Indeed, genetic ablation of E2F7 and E2F8 demonstrates that at least one allele of E2f7 or E2f8 is necessary for embryonic development and viability. The lack of E2f7 or E2f8 in mice showed no significant effect on embryo development. However, their combined ablation resulted in massive apoptosis, dilation of blood vessels and hemorrhaging so as to finally induce embryonic death at day E11.5 [16] . Interestingly, E2F7 and E2F8 did not offer an equal contribution towards mice postnatal development. Studies have shown that E2f7 +/-E2f8 -/-mice are normal in postnatal development, but most of E2f7 -/-E2f8 +/-ones usually appear to be runts, died within the first three months of life [16] . In fact, E2F7 and E2F8 could form homodimers or heterodimers to bind to target DNA, which is not equivalent. E2F7:E2F7 is the first priority, and E2F7:E2F8 precedes E2F8:E2F8 [1, 3] . These data may explain that E2F7 and E2F8 offer an unequal contribution towards mouse postnatal development, while their molecular basis is not yet clear [16] .
It was confirmed that there were a large number of cell apoptosis in the E2f7 and E2f8 double knockout (DKO) embryos by immunohistochemistry with BrdU-specific antibodies and TUNEL at embryonic day 9.5 (E9.5) [16] . The sequential ChIP assays in HEK 293 cells showed that E2F7 and E2F8 could directly bind to E2f1. The PCR genotyping of genomic DNA assays in DKO mouse embryonic fibroblast (MEFs) demonstrated that ablated E2F7 and E2F8 would significantly up-regulate E2F1 with a concomitant increase of p53 protein [15] . E2f7 +/-E2f8 -/-mice were mated with either E2f1 -/-or p53 -/-mice in order to generate cohorts of triple knockout (TKO)
and E2f7/8/p53 triple knockout mice, the extent of dilated vessels and hemorrhaging was still similar to DKO embryos when embryos were harvested at E10.5. In fact, because of the vascular defect of TKO, no embryos could exceed E12.5. These results suggest that TKO-rescued apoptosis is independent on vascular defects and embryonic lethality [16, 31] . DKO-resulted E2F7 and E2F8 target gene deregulation is likely to be involved in angiogenesis. At the same time, deletion of E2F7 and E2F8 resulted in a spectrum of embryonic defects impacting the vasculature and cell survival [31] . Their synergistic function may be considered as a special arm of the E2F network implicated in repression of transcription during S-G2, and the E2F1/p53 axis represents a particularly critical target that if not appropriately repressed can cause widespread apoptosis in developing embryos. These findings show that E2F7 and E2F8 are indispensable for embryonic development. They represent a critical role in cell survival and embryonic development by acting as a unique repressive arm [16, 30, 31] .
Further researches reveal that the deficiency of E2F7 and E2F8 in trophoblast progenitor cells of placental is sufficient to kill embryos in mid-gestation. Indeed, a wild type placenta possesses the ability to support the E2f7 -/-and E2f8 -/-fetuses to birth and beyond. These support that the functions of atypical E2Fs in the extro-embryos are necessary and sufficient for mice embryonic development. Studies showed the TKO of E2f3a with E2f7/8 at the same time rescued placental defects and lethality of fetuses, suggesting that E2F3a resists E2F7 and E2F8 to mediate repression by activating the relevant transcriptional program, which is important for placental development [30, 32] .
E2F8 mediates the DNA damage-correlated cell-cycle
The structure of atypical E2Fs is similar to a plant E2F-like (E2L) protein, which has two separate DNA-binding domains [33] . The function of the plant E2L has been involved in regulation of endo-replication so that atypical E2Fs may also have similar functions [34] . With a DNA-damaging agent etoposide or bleomycin to treat different mammal cell lines, including U2OS, T98G, MCF7, HeLa, HCT15, HCT116 and MEF, there were results similar to fluctuation of E2F7 and E2F8 which are concomitant with E2F1 [4] . The latter can regulate not only cell cycle, but also cell apoptosis [35] [36] [37] . Co-immunoprecipitation (Co-IP) and chromatin immunoprecipitation (ChIP) showed that E2F7 and E2F8 can interact to form dimmer to locate at the promoter of E2f1. The DD is independent on DBD, and mutant residues within the DBD do not influence the interaction [4] . Besides, the integrity of DD and DBD is necessary for forming dimers and performing biological functions [38, 39] .
Either E2F7-or E2F8-specific siRNA into U2OS cells caused a significant acceleration of cell death, and their combined knockout led to worse results [4] . Consistently, the sensitivity of E2f7 -/-E2f8 -/-cells to DNA-damage-inducing drugs camptothecin and cisplatin showed that these drugs induced a marked increase in apoptosis of DKO MEFs, compared to wild type MEFs [16] . Because E2F1 has ability to control apoptosis, overexpression of E2F1 can lead to the apoptosis in the cells treated with DNA damage-inducing agents [40] [41] [42] . E2F1 siRNA transfected into DNA-damaged U2OS cells can partly rescue apoptosis, which is caused by defective E2F7 and E2F8 [4] . In summary, E2F7 and E2F8 mediate the DNA damage-correlated cell-cycle through modulating E2F1 activity [18] .
Atypical E2Fs promote angiogenesis and lymphangiogenesis
With a large number of target genes identified, we have a further understanding of their other functions. Weijts et al deleted E2f7/8 at the same time in zebrafish and mice embryonic, respectively. The results showed an interesting phenomenon, i.e., embryonic death without proliferation defects, but displaying massive cell apoptosis and vascular defects [16, 30] . The specific mutant of E2f7/8 in the extra-embryonic trophoblastic cells also can lead to a poor structure of the placental vascular network [30] . Besides, embryos alone or federatively injected with E2f7/8 MOs (morpholino oligomers) and genetic mutant embryos of E2f7/8 showed different degrees of defects in angiogenesis and apoptosis, indicating that the E2f7/8 are necessary for angiogenesis. Intriguingly, deletion of E2f1 or p53 can rescue apoptosis caused by deficiency E2f7/8, but not do the defect of the blood vessels [31] . From these phenomena they reasonably speculate that E2F7/8 can regulate angiogenesis by an alternative mechanism.
As we know that vascular endothelial growth factor A (VEGFA) is an essential factor for angiogenesis, VEGFA acts as a chemoattractant through forming a correct concentration gradient to guide the formation of an appropriate vascular system [43] [44] [45] [46] [47] . The hypoxia-induced factor 1 (HIF1) is a major modulator of VEGFA in the background of angiogenesis [48] [49] [50] . The scarce Hif1α, Hif2α or Hifβ mice are similar to E2f7/8 knockout mice that also die due to vascular defects around E10.5 [51] . The injection of E2f7/8 mRNA increases the endothelial cell numbers to concomitantly raise the mRNA levels of vascular endothelial growth factor A (VEGFA), suggesting that E2f7/8 excite endothelial cell proliferation through up-regulation of the VEGFA expression. Chromatin immunoprecipitation (ChIP) further confirmed that E2f7/8 could directly bind to stimulate the VEGFA promoter in a way independent on canonical E2F-binding elements [31, 48] . Indeed, E2f7/8 stimulate the VEGFA promoter activity by binding with HIF1 to form a transcriptional complex independent on the canonical E2F-binding site. In sum, E2f7/8 cooperate with HIF1 to form a transcriptional complex to activate the VEGFA promoter, and then to raise the VEGFA level to promote angiogenesis.
After finding that atypical E2Fs (E2F7 and E2F8) can control angiogenesis, Weijts et al. also have a study on the E2F role in lymphangiogenesis [52] . The genome-wide microarray analysis on E2f7/8 deficiency in mouse fetuses at E10.5 revealed that only Ccbe1 and Flt4 were deregulated among the necessary genes for lymphangiogenesis. Ccbe1 and Flt4 contain a canonical E2f binding domain near the promoter, and ChIP showed that E2F7 and E2F8 can bind to their promoter [52] . The vascular endothelial VegfC/Flt4 (vascular endothelial growth factor receptor 3) signaling pathway is one of main ways to modulate the formation of lymphatic vessels [53, 54] . Collagen and calcium-binding EGF domain-containing protein 1 (CCBE1) was considered to enhance lymphangiogenesis by increasing the biological effect of VEGFC [55] [56] [57] . Atypical E2Fs can direct targets FLT4 and CCBE1, which was identified by a genome-wide approach. Loss of E2f7/8 resulted in deregulated expression of CCBE1 and FLT4, and impaired venous sprouting and lymphangiogenesis. Intriguingly, E2F7/8 modulated CCBE1 and FLT4 in opposite ways. Inactivation of E2f7/8 down-regulated CCBE1 and up-regulated Flt4. The expressional analysis in different cell lines (mesenchymal cells and endothelial cells) shows that E2f7/8 are almost equally expressed in these cell lines, while productions of CCBE1 and FLT4 are dependent on cell types [52, 58, 59] . These results suggest that E2F7/8 do not function as an ON/OFF switch, but fine-tune the expression levels of CCBE1 and FLT4 to ensure the proper signal strength during lymphangiogenesis [52] . The regulation of CCBE1 and FLT4 expression by E2F7/8 enhances the biological effect of VEGFC partial monitoring of lymphangiogenesis, but the elaborating mechanism of lymphangiogenesis needs to be further elucidated.
E2F8 influences polyploidization
Polyploidization occurs in all mammalian species, being the most significant in well-known genome alterations [60] [61] [62] [63] . It often exists in some specific tissues, and is an important feature of hepatocytes following weaning and trophoblast giant cells (TGCs) during gestation [61, 64] . Oxidative damage and surgery regeneration of liver often lead to the enhancement of proportion of polyploid cells in liver, which is also associated with aging [65] . The biological functions of polyploidy possibly include the increasing ability to resist adverse conditions, weaken sensitivity to apoptosis, and buffer defence on detrimental mutations [64, 66] .
The E2F transcriptional factors are closely related to cell-cycle progression, with E2F activators and atypical repressors oppositely to adjust a common set of target genes [67, 68] . Using a quantitative PCR assay, E2F expression was determined at RNA levels of TGCs in the placenta and postnatal liver development, respectively. The result shows that the endocycling nuclei in TGCs and hepatocytes are most active when total E2F1-3 activator levels are minimized. E2f1-3 ablation of TGCs in the placenta and hepatocytes in postnatal development results in hyperploidy, accompanying with abnormally large nuclei and increased liver weights. On the contrary, E2f7 −/− and E2f8 −/− DKO reduce ploidy and increase the proportion of G2/Mand M phase-related events. Indeed, the ploidy of wild-type TGCs could go up to 1,000C, whereas the E2f7 −/− and E2f8 −/− TGCs with genomes never exceeded 64C [64] . The canonical E2F mRNAs showed relatively high levels in 1 week old livers and then precipitous decrease from 3 weeks after birth, whereas they are relatively low in the livers of E2f7 −/− and E2f8 −/− mice at p0 (postnatal day 0) and have a markedly increase in 3 to 5 weeks. Atypical E2F expressional levels are consistent with the polyploidization of hepatocytes. Separated or combined inactivation of E2f7 (Alb-7ko) and E2f8 (Alb-8ko) showed that Alb-8ko and Alb-78dko mice had apparently smaller hepatocytes than Alb-7ko, but did not significantly affect hepatic mass. Flow cytometry revealed that Alb-8ko and Alb-78dko prevented hepatocyte endocycles over the whole mouse life, whereas Alb-7ko only had a modest reduction in genome ploidy. Indeed, E2F8 was more enriched on the polyploidy-related gene promoter than E2F7. Compared with the wild type mice, the up-regulated genes in 3-week-old livers were more marked in the Alb-7ko, Alb-8ko and Alb-78dko mice than the down-regulated genes, consistent with their inhibitor properties. Further analysis for these genes raised in both Alb-8ko and Alb-78dko livers revealed that they tended to regulate cytokinetic G2/M progression and mitosis. These data suggest that E2F8 has a vital role for mediating the repression of a set of cell-cycle-related target genes during the process of cell polyploidization [69] .
It is worth noting that knock-out of E2f4 or E2f5 in mice seems to be little affection of the endocycling in TGCs and hepatocytes. The atypical E2Fs binding to DNA are in the way independent on DP so that they can mediate repression when CDK activity is high in S/G2 phases without the disturbing of the cyclin-CDK axis. Other studies have showed that through activation of the same target genes, deficiency of E2F1 can partially rescue the defect in hepatocyte polyploidization caused by a deficiency in E2f7 and E2f8 [69] . E2F8 can transcriptionally suppress CDK1 to induce the polyploidization of decidual cells [44] . It is necessary to maintain appropriate ploidy of cells, E2F8 abnormal ploidy of hepatocytes might be one of the important causes of HCC. However, the precise molecular mechanism of how the canonical activators and atypical repressors coordinate to control endocycling remains to be further elucidated.
E2F8 and diseases
The E2F family has long been expected as potential therapeutic targets of cancer. However, the molecular mechanism about E2F in the occurrence and development of tumor is still not clear, especially the new member E2F8 [7, 70, 71] . Recently, literatures show that E2F8 is obviously up-regulated in HCC, speculating that it is implicated in oncogenesis and progression [3, 6, 11] . Ectopic overexpression of E2F8 by transiently transfecting the recombinant pcDNA3.1-E2F8 into Huh-7, Hep3B, YY-8103 and PLC/PRF/5 HCC cells causes the enhanced cell proliferation, the promoted colony formation and tumorigenicity. On the contrary, knock down of endogenous E2F8 by introduction of siRNAs and shRNA in some HCC cell lines inhibits cellular proliferation and colony formation, and reduces tumor burden [29] . Mechanism analysis supports that E2F8 overexpression partially attenuates the E2F1 binding to the oncogenic cyclin D1 promoter in HCC cells in a dominant-negative manner. Cyclin D1 functions as an oncogene involved in many cancers by regulating the G1-to S-phase transition of cell cycle progression. These data support that E2F8 can contribute to cell proliferation of HCC partially via E2F8/E2F1/ Cyclin D1 promoting the entry of S phase in cell cycle [29] .These results suggest that E2F8 promotes HCC occurrence partly through cyclin D1, possibly becoming a potential therapeutic target. E2F8 is also shown to overexpress in ovarian cancer, lung cancer, breast cancer and prostate cancer, and up-regulated in the clinical samples from patients with cancer [10, [72] [73] [74] . The knockdown of E2F8 significantly inhibits prostate cancer cell growth via inducing G2/M arrest, but its mechanism is not fully understood.
Although most studies indicate that E2F8 functions as an oncogene, recently few reports suggest that it might act as a tumor suppressor. Under the in vivo stress of DMBA/TPA skin carcinogenesis model, inactivation of E2f7/8 gives rise to the acceleration of tumorigenesis and deteriorating progression [75] . Temporal-specific ablation of E2f8 in the liver at 1-2 weeks of age resulted in severe liver cancer, but not in older age, suggesting that E2F8 acts as a tumor suppressor in postnatal liver development [27] . These contradictory results might be due to studies performed in different cell lines and context. No matter how to say, E2F8 expression must be affiliated to the occurrence and development of HCC. It may be a potential therapeutic target of HCC.
E2F8 is not only associated with cancer, but also involved in other diseases, including obesity and hepatic steatosis [76] [77] [78] . Loss of RecQ-mediated genome instability 1 (RMI1) inhibits E2F8 expression [78] , Knockdown of E2f8 suppresses this glucose inducing up-regulation of RMI1 expression [77] . RMI1 and E2F8 consist of a feedback machinery to regulate energy balance in adipose tissue through modulating preadipocyte proliferation. E2F8 is up-regulated in hepatic steatosis. Ectopic expression of E2F8 significantly promotes the fatty acid binding protein 3 (FABP3) expression to cause hepatic steatosis [76] . As we know, the advanced stage of nonalcoholic hepatic steatosis results in ultimately cirrhosis and liver cancer, named trilogy for liver lesions [79, 80] . These results further support the possibility of E2F8 as a therapeutic target for liver cancer.
Concluding remarks
Taken together, the mammalian transcriptional factor E2F8 plays an essential role in embryonic development and regulation of cellular functions, including cell cycle, cell proliferation, cell survival, DNA damage, angiogenesis, lymphangiogenesis and cell polyploidization (Fig.2) . Actually, it plays not only a role in regulating cell functions, but also an important one in balancing the E2F network. E2F8 has a remarkable increase in HCC and ovarian cancer, but no enhancement of E2F7 occurs though the both have functional compensation in many respects. E2F8 can transcriptionally suppress CDK1 to induce hepatocyte polyploidization. Moreover, E2F8 mediates the DNA damage-correlated cell-cycle through modulating E2F1 activity. Both E2F8 and E2F7 cooperate with HIF1 to form a transcriptional complex to raise the VEGFA level to promote angiogenesis. The regulation of CCBE1 and FLT4 expressions by both E2F7 and E2F8 can enhance the biological effect of VEGFC monitoring lymphangiogenesis. Besides, E2F8 also acts as a nonreceptor activator of heterotrimeric G proteins [81] that is an important second messenger, involving multiple cell signaling pathways [82, 83] . These provide a strongly theoretical support that E2F8 may become a promising therapeutic target for some tumors, especially HCC, and hepatic steatosis. The detailed mechanism by which E2F8 regulates cell functions still merits to be elucidated in the future. 
